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ABSTRACT 



The plants Asparagus adscendens, Bacopa monnieri, Ocimum bacilicum, and Withania somnifera were used and 
compared for their extracellular synthesis of metallic copper nanoparticles (CuNPs). Stable Cu nanoparticles were formed 
by treating aqueous solution of CuSO^SrUO with the plant leaf extracts as reducing agent. By treatment of ImM aqueous 
solutions of CuS04*5H 2 0 with leaf extract stable CuNPs were formed; the change in color of solution confirm the 
formation of stable nanoparticles. UV -Visible study revealed qualitative formation of CuNPs and characteristic absorption 
peak in Asparagus adscendens, Bacopa monnieri and Ocimum bacilicum leaf extract at the range of 500-700nm but in 
Withania somnifera leaf extract absorption peak of CuNPs is shifted at the range of 500-800nm. These biosynthesized 
CuNPs were characterized with the help of Fourier transform infrared spectroscopy (FTIR), and Transmission Electron 
Microscopy (TEM). The involvement of primary and secondary metabolites or possible reducing agent confirmed by FTIR 
analysis. TEM confirms the formation and the crystalline nature of Copper nanomaterial. This method can be used as 
effective and environmental friendly technique for the synthesis of Copper nanoparticles using leaf extract of different 
plants. The antibacterial potentials of the CuNPs were studied and these are shown good antimicrobial activity against 
Gram positive and Gram negative bacteria. 

KEYWORDS: Copper Nanoparticles, Asparagus adscendens, Bacopa monnieri, Ocimum bacilicum, Withania 
somnifera, Gram Positive and Gram Negative Bacteria 



Recently, metal nanoparticles were used as a fundamental building blocks of nanotechnology; due to their unique 
chemical, op-tical, magnetical, mechanical, and electric magnetical properties having different applications in the field of 
agriculture, bio-engineering, medicines, electronics, automobiles, nano-fabrics etc (Vaidyanathan et al, 2009). 
Bio-nanotechnology has provided extensive research emerged up as integration between biotechnology and 
nanotechnology for developing biosynthetic and environmental-friendly technology for synthesis of nanomaterials. Using 
physical and chemical methods these specific size controlled metallic nanoparticles were synthesized; however, 
these methods employ toxic chemicals as reducing agents, or non-biodegradable stabilizing agents and these methods are 
time consuming and dangerous for the biological systems (Nadagouda and Varma, 2008). Therefore, there is a growing 
need to develop environmental friendly processes for nanoparticle synthesis without using toxic chemicals. Nowadays 
biosynthesis of nanoparticles using plant parts and microorganisms has been proposed as a cost effective and eco-friendly 
alternative to physical and chemical methods. 
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Using plants for nanoparticles synthesis can be advantageous over other biological processes because of large 
availability of plants materials and it eliminates the ease of large scale up and eliminates the process of culture maintaining, 
and no need to use high pressure, energy, temperature and toxic chemical (Singh et al, 2010; Rajeshkumar et al, 2012). 
Plant extracts are mostly used in pharmaceutical preparations and they consist of several constituents are acts as reducing 
and capping agent in the reduction of metal ions. Noble metal nanoparticles are most promising as they show good 
antibacterial properties due to their large surface area to volume ratio, which is coming up as the current interest in the 
researchers due to the growing microbial resistance against metal ions, antibiotics and the development of resistant strains. 
These unique properties are mainly depends on the size, shape and surface area of nanoparticles (Gupta et al, 1998; Pal et 
al, 2007). 

Among the metallic nanoparticles copper has been enormously utilized for its stable and catalytic properties. 
Copper nanoparticles, due to their excellent physical and chemical properties and low cost of preparation, have been of 
great interest. Copper nanoparticles have wide applications as heat transfer systems (Eastman et al, 2001) antimicrobial 
materials (Guduru et al, 2007), super strong materials (Male et al, 2004; Kang et al, 2007), sensors (Xu et al, 2006), and 
catalysts (Athanassiou et al, 2006; Pecharroman et al, 2006; Rodriguez et al, 2007). Plant mediated synthesis of copper 
nanoparticles was recently reported by using the extracts of plant parts such as Syzygium aromaticum Cloves 
(Subhankari and Nayak, 2013), plants of Brassica juncea Indian mustard, Medicago sativa Alfa alfa and Helianthus annus 
Sunflower (Cioffi et al, 2005), Cu 2 0 nanoparticles using Tridax procumbens leaf extract was rerepoted antimicrobial 
activity against Escherichia coli (Gopalakrishnan et al, 2012) and Magnolia leaf extract copper nanoparticles also shows 
antibacterial activity against bacteria (Lee et al, 201 1). 

In this work we are using leaf extract of Asparagus adscendens (Shatavari), Bacopa monnieri (Brahami), Ocimum 
bacilicum (Tulsi), and Withania somnifera (Ashavgandha) plants for synthesis of copper nanoparticles at room 
temperature. Copper nanoparticles synthesis was identified by color change and UV- visible spectroscopy (UV-vis). 
The involvement of proteins and possible reducing agent was confirmed by Fourier transform infrared spectroscopy 
(FTIR), Morphology and composition of copper nanoparticles was characterized by High resolution transmission electron 
microscopy (HRTEM). Furthermore, the bacterial effect of Copper nanoparticles was also analyzed with gram positive and 
gram negative microorganisms. 

Some steroidal saponins, glycosides and several lipids were reported from roots and leaves (Sharma et al, 1982; 
Sharma and Sharma, 1984; Tandon et al, 1990) of Asparagus adscendens. Gold nanoparticles as well as platinum and 
palladium nanoparticles are synthesized from the Asparagus racemosus leaf extract (Pandey et al, 2012; Raut et al, 2013). 
The known compounds present in Bacopa monnieri are triterpenoid saponins known as bacosides, or pseudo-jujubogenin 
moieties as aglycone units (Chakravarty et al, 2003; Sivaramakrishna et al, 2005; Bhandari et al, 2009) as well as alkaloids 
brahmine, nicotine, and herpestine have been catalogued, along with D-mannitol, apigenin, hersaponin, monnierasides I- 
III, cucurbitacins and plantainoside B (Chatterji et al, 1963; Chakravarty et al, 2002; Bhandari et al, 2007). The green 
synthesis of gold or silver nanoparticles and its antibacterial activity using UV irradiation and leaf extract of Bacopa 
monnieri. (Mahitha et al, 2011; Krishnaraj et al, 2012; Babu et al, 2013) The constituent of Ocimum are alkaloids, 
glycosides, 1,8-cineole, Bergamotene, Eugenol, Linalool, Methyl chavicol compounds (Baritaux et al, 1992; Johnson et al, 
1999; Klimankova et al, 2008). Compounds present in basil oil have potent antioxidant, antiviral, 
and antimicrobial properties, and potential for use in treating cancer (Bozin et al, 2006; de Almeida et al, 2007). Recently 
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Ocimum sanctum leaf extracts have been used in the synthesis of silver, gold and platinum nanoparticles (Philip and Unni, 
2011; Singhal et al, 2011; Soundarrajan et al, 2012). The main chemical constituents of Withania somnifera 
are alkaloids and steroidal lactones. Which include tropineand, cuscohygrine and withanolides, isolated from the plant 
(Ghosal et al, 1989; Jayaprakasam et al, 2003; Choudhary et al, 2004; Mirjalili et al, 2009). Biosynthesis of silver 
nanoparticles using Withania somnifera leaf extract and its antibacterial activity reported recently (Patil, 2013; Subbaiah 
and Savithramma, 2013; Raut et al, 2014). Medicinal uses of herbal plants which are used in CuNPs syntheses shows in 
Table 1. 

MATERIALS AND METHODS 
Plant Collection 

Four medicinal plants, such as Asparagus adscendens, Bacopa monnieri, Ocimum bacilicum and Withania 
somnifera were collected from the University campus Figure l(a-d) respectively. Primarily they were thoroughly washed 
with distilled water to remove dirt particles. Cleaned herbal parts (leaves) were dried with water absorbent paper 
(filter paper). lOg chopped leaves of every plant was dispensed in 100 ml of distilled water and boiled for 15 min. at 95°C 
using water bath. The suspended mass was then filtered out through Whatman filter paper no.l; the obtained liquid 
contains the bioactive components leached from the leaves which used further for the synthesis of copper nanoparticles. 

Synthesis of Copper Nanoparticles (Medicinal Plants Mediated) 

ImM aqueous CuS0 4 *5H 2 0 solution were prepared and stored in brown bottles. 10 ml of herbal extracts was 
taken in conical flask separately and to this drop wise 90 ml of lm CuS04*5H 2 0 solution was added. The same protocol 
was followed for all the four herbal extracts. The conical flasks were incubated at room temperature. The color change 
from brown to green was checked periodically (lhr, 16hr, 24hr and 40hr). In Figure 2(a-d) Tube A contains Asparagus 
adscendens leaf extract, Bacopa monnieri leaf extract, Ocimum bacilicum leaf extract and Withania somnifera leaf extract 
respectively, Tube B contains lm CuS0 4 *5H 2 0 solution and Tube C contain copper nanoparticles solution formed by 
bioactive components. The change in color visually indicates the formation of copper Nanoparticles (CuNPs) which were 
used for further characterization study. 

UV-Vis Spectra Analysis 

The synthesized phytonanoparticles were characterized by UV-Vis spectroscopy, which are widely used for 
characterization of nanoparticles for the detection of Surface Plasmon Resonance property (SPR) of copper nanoparticles. 
The aliquots were diluted with double distilled water and spectrum of diluted solution recorded by using UV-Visible 
spectrophotometer [Model- Shimadzu UV 1800] in the wavelength range 300-800 nm. Baseline correction was made with 
double distilled water. 

FTIR Observations 

To remove any free biomass residue or compound that is not the capping ligand of the copper nanoparticles, the 
residual solution of 100 ml were centrifuged at 10000 rpm for 10 min and the resulting suspension were re-dispersed in 20 
ml sterile distilled water. The whole process was repeated three times. Thereafter, the purified suspension freeze dried to 
obtain dried powder. Finally, the dried copper nanoparticles were analyzed by FTIR. Samples were measured by Bruker 
Tensor 27 FTIR spectrometer in attenuated total reflection mode (Pike Technologies, Gladi ATR for FTIR with diamond 
crystal) and using spectral range of 4000-600 cm 1 . 
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High Resonance Transmission Electron Microscopy (HRTEM) and Selected Area Electron Diffraction 
Measurements (SEAD) 

High Resolution Transmission electron microscope (HRTEM) performed for characterizing size and shape of 
biosynthesized copper nanoparticles. The sample was first sonicated (Vibronics VS 80) for 15 min. A drop of the refined 
copper nanoparticle solution on the carbon coated copper grid followed by drying under Infrared light for 30 min. HRTEM 
and SAED measurements were then performed on instrument operated at an accelerating voltage of 200 Kv 
(Philips; Model CM 200). 

Antibacterial Screening 

Antibacterial activity were assayed by using standard well diffusion method against human pathogenic Gram 
positive bacteria Bacillus subtilis, Staphylococcus aureus and Gram negative bacteria Pseudomonas aeruginosa and 
Escherichia coli. Bacterial strains grown on nutrient agar at 37°C for 24 hr were suspended in a saline solution 
(0.85% NaCl) and adjusted to a turbidity of 0.5 MacFarland standard (10 8 CFU/ml). Mueller-Hinton agar media was used 
to perform sensitivity assay (Wagner, 1996). Fresh overnight grown cultures of the bacteria were spread on Nutrient Agar 
containing Petri plates and with a sterile borer 1mm holes were punched in the medium. 50|il of the solution containing 
nanoparticles was inoculated in this hole and the plates were incubated at 37°C for 24 hr and the diameter of zone of 
inhibition produced by the extract compared with those produced by the commercial control antibiotics Streptomycin 
(25ug/ml). 

RESULTS AND DISCUSSIONS 
UV- Visible Spectroscopy 

Samples of the reaction mixture were diluted with double distilled water and then subjected to the spectral 
measurement. After mixing the solution of copper sulphate with aqueous leaf extract, the reaction mixture changed rapidly 
its color. The different color were ascribed formation of copper nanoparticles due to the excitation of surface plasmon 
vibrations, which indicates the formation of copper nanoparticles directly. Figure 3(a-d) shows the absorption spectra of 
reaction mixtures of Asparagus adscendens, Bacopa monnieri, Ocimum bacilicum and Withania somnifera leaf extracts 
containing copper nanoparticle solution after lhr, 16hr, 24hr and 40 hr respectively. After the reduction of the ions 
absorption at 500 to 700 nm range wavelength confirms that the ions of copper sulphate are reduced to copper 
nanoparticles (CuNPs). 

FTIR Analysis 

The analysis of FTIR spectra gives an idea about biomolecules bearing different functional groups which are 
present in underlying system of four herbal plants Asparagus adscen dens, Bacopa monnieri, Ocimum bacilicum and 
Withania somnifera leaf extracts containing copper nanoparticles. Comparison between spectra of such leaf extract 
solutions reveals that Asparagus adscendens, and Withania somnifera leaf extracts shows Figure 4(a) almost same 
positions as well as on the magnitude of the absorption bands. On the other hand Bacopa monnieri, and Ocimum bacilicum 
leaf extracts also have same absorption bands Figure 4(b) 

Figure 4(a) display the FTIR spectrum of the Asparagus adscendens leaf extract and copper nanoparticles solution 
bands at 3260, 2125, 1640, 1082 cm" 1 . The intense band absorbance at 3260 cm" 1 is the characteristic of the OH functional 
group in alcohols and phenolic compounds and the band at 1640 cm" 1 assigned to the amide I band of the proteins or to 
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C=C groups/aromatic rings. In addition some weak bands centered at 1082 and 2125 cm" 1 characteristic to the amide III 
and amide I band. Whereas the FTIR spectrum obtained from Withania somnifera leaf extract and copper nanoparticles 
solution displays a number of absorption peaks, and presence of multiple bands at 3380, 3210, 2055, 1660, 1580, 1079 cm" 
1 The intense absorbance at 3380 cm" 1 and 3210 cm" 1 shows the N-H stretch of amide group and the band at 2055 cm" 1 
assigned to the C=C stretch of alkynes. The band at 1660 cm" 1 assigned to the amide I band of the proteins and band at 
1580 cm" 1 demonstrate C-H stretch of primary alcohols, and the band at 1050 cm" 1 assigned to the C-O stretch of polyols 
present in the biomass. Thus it is obvious that bands are assigning to the carbonyl groups and secondary amines, are 
surrounded by some proteins and metabolites having functional groups of amines, alcohols, phenols, ketones, aldehydes, 
and carboxylic acids. 

Figure 4(b) shows the FTIR spectrum obtained from Bacopa monnieri, leaf extract and copper nanoparticles 
solution displays a number of absorption peaks, reflecting its complex nature and shows the multiple bands at 3320, 3301, 
2180, 1637, 1372, 1022cm" 1 . which clearly demonstrates the N-H stretch of amide group at band 3301cm" 1 and 3320 cm" 1 , 
and the C=C stretch of alkynes at band 2180 cm" 1 , and C-H stretch of primary alcohols and aromatic groups at band 1637 
cm" 1 and 1599 cm" 1 , and the presence of CH 3 bend corresponding to alkanes at band 1372 cm 'and C-O stretch of polyols in 
addition some weaker bands centered at 1022cm" 1 . Whereas the FTIR spectrum absorption peaks of Ocimum bacilicum leaf 
extract and copper nanoparticles solution, shows the presence of multiple bands at 3242, 2061, 2043, 1596, 1050 cm" 1 , 
which assigned the N-H stretch of amide group at band 3242 cm" 1 , and the C=C stretch of alkynes at band 2061 cm" 1 and 
2043 cm" 1 , and C-H stretch of primary alcohols at band 1596 cm" 1 , and C-O stretch of polyols such as flavones, terpenoids 
and the polysaccharides present in the biomass at 1050 cm" 1 . Therefore it appears more likely that the reduction of copper 
ions and stabilization of synthesized copper nanoparticles is the responsibility of many functional groups, including 
amines, alcohols, ketones, aldehydes, alkenes and carboxylic acids, that are present as plant metabolites and reducing 
sugars of Bacopa monnieri, Ocimum bacilicum herbal plants. 

High Resolution Transmission Electron Microscopy (HRTEM) 

The microstructures and size of the biosynthesized copper nanoparticles were studied by using HRTEM 
(High Resolution Transmission Electron Microscopy) analysis. The typical HRTEM images of the copper nanoparticles 
were synthesized by Asparagus adscendens leaf extract as reducing agent is shown in Figure 5(a-b). The micrograph 
shows formation of spherical-shaped particles in the range of 10-15 nm at 50 nm and 20 nm scale and the insets show the 
facets. The size is not homogeneous and they are broadly distributed. The insets in Figure 5(a) represent the SAED of these 
metal particles, which reveals the diffusive ring patterns and attributed to the small particle size. Figure 6(a-b) display the 
micrograph of biosynthesized copper nanoparticles extract by Bacopa monnieri leaf at 50nm and 200nm scale. 
The particles showed the spherical morphology and the size ranges from 50 to 60 nm. It also shows the leaf extract 
bounded with the nanoparticles as capping agents to inder further oxidation of nanoparticles. It was observed that the 
CuNPs possess uniform size of 20-50 nm, almost spherical shape and uniformly distributed in clusters. The insets in 
Figure 6(a) represent the SAED of these metal particles, and shows the diffusive ring patterns and small particle size. 
Figure 7(a-b) shows the micrograph of copper nanoparticles synthesized by Occimum basilicum leaf extract at lOOnm and 
200nm scale and the insets show the facets. The size of the particles ranges from 40 to 60 nm and the particles showed 
spherical morphology. It was observed that the CuNPs possess spherical size and uniformly distributed in clusters. 
The insets in Figure 7(a) represent the SAED of these metal particles, which reveals the diffusive ring patterns and 
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attributed to the small particle size. Figure 8(a-b) display the micrograph of biosynthesized copper nanoparticles extract by 
Withenia somnifera leaf at lOOnm and 200nm scale. The particles showed spherical shape and the size ranges from 50 to 
60 nm. The insets in Figure 8(a) represent the SAED of these metal particles, and shows the diffusive ring patterns and 
particle size. It is known that spherical as well as non-spherical nanoparticles exhibits better physical properties if they are 
produced small in size, as the antibacterial properties of copper nanoparticles are size dependent. 

Antibacterial Activity 

Herbal plants Asparagus adscendens, Bacopa monnieri, Ocimum bacilicum and Withania somnifera leaf extracts 
containing copper nanoparticles were subjected to antibacterial activity against (Sa) Staphylococcus aureus, (Bs) Bacillus 
subtilis, (Ec) Escherichia coli, and (Pa) Pseudomonas aeruginosa; both Gram-positive and Gram-negative bacteria were 
sensitive to the extracts. In this study, zone of inhibition recorded for various organisms and copper nanoparticle 
synthesized from Asparagus adscendens leaf extract have potent antibacterial activity against Staphylococcus aureus 
(19mm) where as Bacopa monnieri leaf extract exhibited significant activity against Bacillus subtilis (16mm), Escherichia 
coli (15mm) and Pseudomonas aeruginosa (17mm). Activity of leaf extracts of the plant was comparable to that of 
reference standard drug Streptomycin 25ug/ml. CuNPs synthesized from herbal leaf extracts exhibited good antimicrobial 
activity and results were tabulated along with figures and graph (Table 2; figure 9-10). 

CONCLUSIONS 

It is concluded that the herbal plants extracts of leaf are capable of producing copper nanoparticles extracellular 
which are quite stable in solution. Biosynthesis of copper nanoparticles using a rapid time scales and low cost procedures 
using environmentally benign natural resources as an alternative to chemical synthesis protocols. Reduction of copper ions 
by leaf extracts resulted in the formation of stable copper nanoparticles which are spherical in shape and at a core is 
capable of rendering antimicrobial efficacy and proved to be active against the pathogenic bacterias. Characterization using 
UV-Vis and HRTEM analyzer were useful in confirming the formation of nanoparticle synthesis and itscomposition and 
shape. FTIR analysis results evidenced the formation of copper nanoparticles; which can be studied in future to get the 
molecular and chemical interation of plants metabolites responsible for the formation of nanoparticles. Thus this study 
opens up a new opportunity of very conveniently synthesizing copper nanoparticles which can be useful in various 
potential applications in future. 
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APPENDICES 
Figure Captions 

Table 1 List of Herbal Plants Collected for Copper Nanoparticle (Cunps) Synthesis. 

Table 2 Antibacterial Activity Copper Nanoparticles (Cunps) Synthesized From Herbal Leaf Extracts. 

Figure 1 (A) Asparagus Adscendens, (B) Bacopa Monnieri, (C) Ocimum Bacilicum, (D) Withania Somnifera. 

Figure 2 (A) Tube A- Contain Asparagus Adscendens Leaf Extract,Tube B- Contain Copper Sulphate Solution, 
Tube C- Contain Light Green Colored Copper Nanoparticles Solution, (B) Tube A- Contain Bacopa Monnieri Leaf 
Extract, Tube B- Contain Copper Sulphate Solution, Tube C- Contain Green Colored Copper Nanoparticles Solution, (C) 
Tube A- Contain Ocimum Bacilicum Leaf Extract, Tube B- Contain Copper Sulphate Solution, Tube C- Contain Green 
Colored Copper Nanoparticles Solution, (D) Tube A- Contain Withania Somnifera Leaf Extract, Tube B- Contain Copper 
Sulphate Solution, Tube C- Contain Light Green Colored Copper Nanoparticles Solution. 

Figure 3 (A) UV- Visible Absorbance Spectra of Copper Nanoparticles with Asparagus Adscendens Leaf Extract, 
(B) UV-Visible Absorbance Spectra of Copper Nanoparticles with Bacopa Monnieri Leaf Extract, (C) UV- Visible 
Absorbance Spectra of Copper Nanoparticles with Ocimum Bacilicum Leaf Extract, (D) UV-Visible Absorbance Spectra of 
Copper Nanoparticles With Withania Somnifera Leaf Extract. 

Figure 4 (A) FTIR Images of Copper Nanoparticles Synthesised From Asparagus Adscendens and Withenia 
Somnifera Leaf Extracts, (B) FTIR Images of Copper Nanoparticles Synthesised from Bacopa Monnieri and Ocimum 
Bacilicum Leaf Extracts. 

Figure 5 HRTEM Micrograph of the Copper Nanoparticles Synthesized From Asparagus Adscendens Leaf 
Extract: (A) The Scale Bar Correspond to 50 Nm, (Insets: SAED of These Metal Particles, (B) The Scale Bar Correspond 
to 20 Nm. 

Figure 6 HRTEM Micrograph of the Copper Nanoparticles Synthesized From Bacopa Monnieri Leaf Extract: 
(A) The Scale Bar Correspond To 50 Nm, (Insets: SAED of These Metal Particles, (B) The Scale Bar Correspond To 200 
Nm. 

Figure 7 HRTEM Micrograph of the Copper Nanoparticles Synthesized From Ocimum Bacilicum Leaf Extract: 
(A) The Scale Bar Correspond To 100 Nm, (Insets: SAED of These Metal Particles, (B) The Scale Bar Correspond To 200 
Nm. 

Figure 8 HRTEM Micrograph of the Copper Nanoparticles Synthesized From Withenia Somnifera Leaf Extract: 
(A) The Scale Bar Correspond To 100 Nm, (Insets: SAED of These Metal Particles, (B) The Scale Bar Correspond To 200 
Nm. 

Figure 9 Zone of Inhibition of Copper Nanoparticles Synthesized from Herbal Leaf Extracts. 
Figure 10 Inhibition Zone of Copper Nanoparticles Synthesized from Herbal Leaf Extracts. 
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Table 1: List of Herbal Plants Collected for Copper Nanoparticle (CuNPs) Synthesis 



S. No. 


Scientific 
Name 


Common 
Name 


Family 


Uses 


1. 


Asparagus 
adscendens 


SJiatavari 


Asparagaceae 


It is a good source of dietary fibre, protein, beta- 
carotene, vitamin C. vitamin E, vitamin K. riboflavin, 
phosphorus. 


2, 


Bacopa 
monnieri 


Brahami 


Plantagenaceae 


It is used in Ayurveda for ulcers, tumors, ascites, 
indigestion, inflammation and anemia. 


3. 


Ocimum 
bacilicum 


Juki 


Lamiaceae 


It is used in the treatment of headaches, coughs, 
diarrhea, constipation, worms and kidney malfunctions. 


4. 


Withania 
somnifera 


Ashvgandha 


Sjjlanaceae 


It is applied externally to tumors, tubercular glands, 
carbuncles, and ulcers, mental health (anxiety level), 
fatigue, social functioning, vitality, and overall quality 
of life. 



Table 2: Antibacterial Activity Copper Nanoparticles (CuNPs) Synthesized from Herbal Leaf Extracts 







Inhibition Zone 


Samples 


Leaf Extracts 




(mm) 








Sa 


Bs 


Ec 


Pa 




Asparagus adscendens 


19 


13 


14 


14 


Copper 


Bacopa monnieri 


14 


16 


15 


17 


nanoparticles 


Ocimum bacilicum 


15 


13 


13 


14 




Withania somnifera 


13 


15 


12 


15 


Standard 
Antibiotic 


Streptomycin 


29 


27 


24 


28 



Sa Staphylococcus aureus, Bs Bacillus subtilis, Ec Escherichia coli, Pa Pseudomonas 

aeruginosa. 




Figure 1: (a) Asparagus adscendens, (b) Bacopa monnieri, (c) Ocimum bacilicum, (d) Withania somnifera 
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Figure 2: (a) Tube A- Contain Asparagus adscendens Leaf Extract, Tube B- Contain Copper Sulphate Solution, 
Tube C- Contain Light Green Colored Copper Nanoparticles Solution, (B) Tube A- Contain 
Bacopa monnieri Leaf Extract, Tube B- Contain Copper Sulphate Solution, Tube C- Contain 
Green Colored Copper Nanoparticles Solution, (C) Tube A- Contain Ocimum bacilicum 
Leaf Extract, Tube B- Contain Copper Sulphate Solution, Tube C- Contain Green 
Colored Copper Nanoparticles Solution, (D) Tube A- Contain Withania somnifera 
Leaf Extract, Tube B- Contain Copper Sulphate Solution, Tube C- Contain 
Light Green Colored Copper Nanoparticles Solution 
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Figure 3: (a) UV- Visible Absorbance Spectra of Copper Nanoparticles with Asparagus adscendens Leaf Extract, 

(b) UV- Visible Absorbance Spectra of Copper Nanoparticles with Bacopa monnieri Leaf Extract, 

(c) UV- Visible Absorbance Spectra of Copper Nanoparticles with Ocimum bacilicum Leaf Extract, 

(d) UV- Visible Absorbance Spectra of Copper Nanoparticles with Withania somnifera Leaf Extract 
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(a) 



Wavelength (cm ) 

(b) 



Figure 4: (a) FTIR Images of Copper Nanoparticles Synthesised from Asparagus adscendens 
and Withenia somnifera Leaf Extracts, (b) FTIR Images of Copper Nanoparticles 
Synthesised from Bacopa monnieri and Ocimum bacilicum Leaf Extracts 




Figure 5: HRTEM Micrograph of the Copper Nanoparticles Synthesized from 

Asparagus adscendens Leaf Extract: (a) The Scale Bar Correspond to 50 nm, 
(Insets: SAED of these Metal Particles, (b) The Scale Bar Correspond to 20 nm 




Figure 6: HRTEM Micrograph of the Copper Nanoparticles Synthesized from Bacopa monnieri 
Leaf Extract: (a) The Scale Bar Correspond to 50 nm, (Insets: SAED of these 
Metal Particles, (b) The Scale Bar Correspond To 200 nm 
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Figure 7: HRTEM Micrograph of the Copper Nanoparticles Synthesized from Ocimum bacilicum 
Leaf Extract: (a) The Scale Bar Correspond to 100 Nm, (Insets: SAED of 
these Metal Particles, (b) The Scale Bar Correspond to 200 nm 




Figure 8: HRTEM Micrograph of the Copper Nanoparticles Synthesized from Withenia somnifera 

Leaf Extract: (a) The Scale Bar Correspond to 100 nm, (Insets: SAED of these Metal Particles, 
(b) The Scale Bar Correspond to 200 Nm 




Figure 9: Zone of Inhibition of Copper Nanoparticles Synthesized from Herbal Leaf Extracts 




gram positive and gram negative bacterias 

Figure 10: Inhibition Zone of Copper Nanoparticles Synthesized from Herbal Leaf Extracts 
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